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(57) ABSTRACT 

A method for poWer delivery comprises coupling an Ether 
net cable comprising four Wire pairs to a poWer delivery 
system and providing poWer to a powered device on all of 
the Wire pairs. ApoWer delivery system includes an interface 
operable to couple to an Ethernet cable comprising four Wire 
pairs and a controller operable to provide poWer to a 
powered device on all of the Wire pairs. 
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POWER DELIVERY OVER ETHERNET CABLES 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates in general to telecommuni 
cations, and more particularly to a method and system for 
improved poWer delivery over Ethernet cables. 

BACKGROUND OF THE INVENTION 

[0002] Numerous poWered devices utiliZe poWer delivered 
over four-pair Ethernet cables. IEEE has issued a standard, 
IEEE 802.3af, that speci?es methods of poWer delivery over 
Ethernet. In particular, the standard describes the use of tWo 
of the four pairs to deliver poWer to a poWered device. 
HoWever, as telecommunication devices adapt to meet neW 
communication demands, such devices may have different 
poWer needs, Which may include the need for additional 
poWer. Accordingly, an improved method for delivering 
poWer to poWered devices Would be useful. 

SUMMARY OF THE INVENTION 

[0003] In accordance With one embodiment of the present 
invention, a method for poWer delivery includes coupling an 
Ethernet cable comprising four Wire pairs to a poWer deliv 
ery system and providing poWer to a poWered device on all 
of the Wire pairs. 

[0004] In accordance With another embodiment of the 
present invention, a poWer delivery system includes an 
interface operable to couple to an Ethernet cable comprising 
four Wire pairs and a controller operable to provide poWer to 
a poWered device on all of the Wire pairs. 

[0005] Important technical advantages of certain embodi 
ments of the present invention include increased poWer to 
poWered devices. Certain poWered devices, such as Wireless 
communication hubs or docking stations, may be able to 
make use of more poWer than provided by conventional 
poWer delivery systems. Certain embodiments of the present 
invention provide increased poWer for such applications. 

[0006] Other important technical advantages of certain 
embodiments of the present invention include supplying a 
variable poWer levels to a poWered device. Certain embodi 
ments of the present invention may provide different levels 
of poWer based on the poWer demand of the poWered device 
or devices. Thus, such embodiments may be used in con 
junction With a variety of devices With different poWer 
needs. 

[0007] Still other technical advantages of certain embodi 
ments of the present invention include methods for deter 
mining the poWer level required by a poWered device. 
Certain embodiments of the present invention include 
detecting the poWer level required by a device by commu 
nicating With the device. Accordingly, the poWer level may 
be adjusted based upon feedback from the poWered device. 

[0008] Other technical advantages of the present invention 
Will be readily apparent to one skilled in the art from the 
folloWing ?gures, descriptions, and claims. Moreover, While 
speci?c advantages have been enumerated above, various 
embodiments may include all, some, or none of the enu 
merated advantages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] For a more complete understanding of the present 
invention and its advantages, reference is noW made to the 
folloWing description, taken in conjunction With the accom 
panying draWings, in Which: 
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[0010] FIG. 1 illustrates a poWer delivery system in 
accordance With a particular embodiment of the present 
invention; and 

[0011] FIG. 2 illustrates an eXample method of operation 
for the poWer delivery system of FIG. 1. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS OF THE INVENTION 

[0012] FIG. 1 illustrates a poWer delivery system 100 for 
delivering poWer to one or more poWered devices 102 using 
Ethernet grade cables, such as Ethernet cables 104. Ethernet 
cable 104 is any suitable cable set, such as category 3, 4, or 
5 cable, used to communicate information using the Ethernet 
protocol to poWered device 102, such as 10/100BaseT 
Ethernet cable. PoWer delivery system 100 provides poWer 
to poWered device 102 using up to all four of the pairs 106 
(collectively referring to pairs 106A, 106B, 106C, and 
106D) in Ethernet cable 104. In one embodiment, more than 
one pair 106 may be used by providing poWer through a 
plurality of ports each coupled to a particular pair 106. In 
one embodiment, more than one pair 106 may be used by 
providing poWer through a port coupled to multiple pairs 
106. This may provide advantages over conventional sys 
tems that provide poWer to poWered devices using only tWo 
pairs of the Ethernet cable at a time, such as those described 
by the standard IEEE 802.3af. 

[0013] PoWered device 102 is any suitable device that is 
powered at least partially by power delivered over Ethernet 
cables 104 by poWer delivery system 100. PoWered device 
102 may include devices such as a telephone, a personal 
computer (PC), a personal digital assistant (PDA), a laptop, 
a Wireless netWork access point, or a docking station for one 
or more other poWered devices such as those described 
above. PoWered device 102 may include any suitable dis 
plays, interfaces, handsets, microphones, speakers, or other 
devices that may consume poWer. In the depicted embodi 
ment, poWered device 102 includes four ports 108A, 108B, 
108C, and 108D (collectively referred to as “ports 108”). 
Each port 108 couples to one of the pairs 106 in Ethernet 
cable 104. 

[0014] PoWered device 102 receives poWer from Ethernet 
cable 104 using poWer couplers 110A, 110B, 110C, and 
110D (collectively referred to as “poWer couplers 110”). 
PoWer couplers 110 may be any suitable transformer, diode 
bridge, recti?er, or other component or collection of com 
ponents for extracting poWer from Ethernet cable 104. In a 
particular embodiment, poWer couplers 110 include diodes 
112 and resistors 114. Diodes 112 alloW poWer to be 
received from cable 104, While resistors 114 regulate the 
current ?oW from cable 104 to device 102 through each port 
108. This reduces the risk that there Will be a signi?cant 
imbalance in the amount of poWer delivered through any 
particular port 108, Which is turn minimiZes the risk of 
overheated components, electrical arcs, and other potential 
side effects of such an imbalance. 

[0015] In conventional systems, Ethernet over four-pair 
cables functions in one of several modes: 10 megabits per 
second (10 Mbps), 100 megabits per second (100 Mbps), or 
one gigabit per second (1 Gbps, 1000 Mbps), for eXample. 
In 100 Mbps operation, tWo of the four pairs are used to 
communicate both information and poWer, While the remain 
ing pairs are unused. In principle, the unused pairs could be 
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omitted from the Ethernet cable, but they are often included 
to allow the network to be upgraded to 1 Gbps. In 1 Gbps 
operation, all four pairs are used to communicate informa 
tion, and tWo pairs are also used to communicate poWer. 

[0016] PoWer delivery system 100 alloWs poWer to be 
delivered to poWered device 102 using all four pairs 106 in 
Ethernet cable 104. By increasing the number of available 
Wires used for poWer, poWer delivery system 100 alloWs 
more poWer to be delivered to poWered device 102. On the 
other hand, poWer delivery system 100 may also damage 
devices if, after determining that it is appropriate to apply 
poWer to a device, system 100 applies poWer at a level that 
is not appropriate for the device being used. Accordingly, it 
is desirable to include methods for controlling the amount of 
poWer communicated to a particular device. 

[0017] In a particular embodiment, poWer delivery system 
100 includes an interface 116 having four ports 118A, 118B, 
118C, and 118D (collectively referred to as “ports 118”). In 
one embodiment, each port 118 is coupled to a particular 
pair 106. In another embodiment, more than one pair 106 
may be coupled to a single port 118. PoWer delivery system 
100 includes a controller 120 that controls an array of 
sWitches 122 (referring collectively to sWitches 122A, 122B, 
122C, and 122D) in order to regulate the amount of current 
provided to ports 118 by poWer source 124. PoWer delivery 
system 100 also includes a data manager 126, Which may 
include any hardWare and/or softWare for exchanging infor 
mation betWeen a netWork 128, such as an Ethernet netWork, 
and poWered device 102 using ports 118. Network 128 may 
include any suitable device or devices for communicating 
information in packets, cells, frames, segments, or other 
portions of information (collectively referred to as “pack 
ets”), Which may be suitably converted to and from any 
suitable format by data manager 126. 

[0018] Interface 116 is any suitable physical interface for 
communicating electrical signals using Ethernet cable 104. 
Interface 116 communicates poWer as Well as information 
received from data manager 126 to poWered device 102. 
Interface 116 may be adaptable to 100 Mbps and 1 Gbps 
Ethernet operation, and may communicate poWer using any 
of its ports 118. 

[0019] Controller 120 represents any suitable micropro 
cessor, microcontroller, or other hardWare and/or softWare 
for controlling the operation of poWer delivery system 100. 
In particular, controller 120 controls sWitches 122. Diodes 
112 are used in their respective poWer couplers 110 that 
ensure that the correct polarity voltage is connected to 
circuits Within poWered device 110. In one embodiment, 
diodes 112 may be used as a sWitch, and may be substituted 
With any components for regulating the poWer delivered to 
ports 118, such as mechanical, magnetic, or electrical relays. 
PoWer source 124 may be any suitable source for providing 
voltage to ports 118. 

[0020] In operation, in one embodiment, poWer delivery 
system 100 delivers poWer to poWered device 102 using any 
or all of pairs 106. In one embodiment, poWer delivery 
system 100 delivers poWer to poWered device 102 using any 
or all of ports 118. In another embodiment, poWer delivery 
system 100 delivers poWer to poWered device 102 using one 
or more ports 118, Where each port 118 is coupled to 
multiple pairs 106. In some embodiments, controller 120 
provides poWer to none, tWo, or four pairs 106. In an 
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embodiment Where controller 120 provides poWer to all four 
pairs 106, poWered device 102 may need to include resistors 
114 and/or diodes 112 in poWer couplers 110 to ensure that 
the correct voltage is connected to the circuits Within poW 
ered device 102, and for regulating the amount of poWer 
received by a particular port 108 in order to prevent exces 
sive poWer from being delivered to a single port 108. In 
other embodiments, poWer delivery system 100 may deliver 
poWer using tWo pairs 106 if device 102 is con?gured to 
receive poWer from only tWo pairs 106 and may deliver 
poWer using four pairs 106 if device 102 is con?gured to 
receive poWer using all four pairs 106. 

[0021] In embodiments in Which poWer delivery system 
100 has multiple modes of operation, such as, for example, 
tWo-pair and four-pair operation, poWer delivery system 100 
may communicate With device 102 in order to determine the 
appropriate mode of operation. The communication betWeen 
poWer delivery system 100 and device 102 may be accom 
plished in a variety of Ways, and in general, any communi 
cation link alloWing device 102 and system 100 to exchange 
poWer information may be used. PoWer information may 
include any suitable type of information, such as the number 
of pairs 106 to be poWered or the amount of poWer to be 
supplied on each pair 106. 

[0022] In a particular embodiment, poWer delivery system 
100 may determine poWer characteristics for the device by 
monitoring the response of device 102 to voltage and current 
values on ports 118. For example, after detecting the poWer 
need of poWered device 102, poWer delivery system 100 
may initially transmit poWer using all ports 118 and reduce 
the number of ports 118 used to transmit poWer in response 
to detecting that the poWer is not being used by device 102. 
During operation of device 102, the poWer responses of 
device 102 may be monitored to determine more accurately 
the poWer usage characteristics of device 102. This infor 
mation may be used to adjust the amount of poWer provided 
to one or more ports 118, thus permitting more ef?cient use 
of poWer overall. 

[0023] In other embodiments, poWer delivery system 100 
may exchange information With device 102 using a com 
munication protocol. In a particular embodiment, the device 
discovery protocol, one example of Which is Cisco Discover 
Protocol (CDP), may include poWer information for device 
102. Thus, When device 102 is coupled to a netWork, 
components of the netWork, such as poWer delivery system 
100, may automatically recogniZe the poWer requirements of 
device 102. Technical advantages of such embodiments may 
include ?exibility and adaptability. Such information may be 
added to an already-existing discovery protocol, and the 
poWer information may be modi?ed or expanded Within the 
protocol as needed. 

[0024] In another embodiment, device 102 and poWer 
delivery system 100 may exchange information using the 
connection established by the poWer delivery protocol. 
Examples of a poWer delivery protocol include CDP, and 
IEEE 802.3af classi?cation; hoWever, any protocol that is 
used for communicating information concerning poWer may 
be a poWer delivery protocol. In one example, poWer deliv 
ery system 100 may use a side band protocol or a side 
protocol associated With the poWer delivery protocol to 
exchange poWer information With device 102. A “side pro 
tocol” refers to a protocol that does not interfere With any 
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pre-eXisting protocols. In another example, device 102 and 
system 100 may use otherWise-unused messages or classes 
in the poWer delivery protocol. As an illustration, reserved 
classes in the IEEE 802.3af standards could be used to 
communicate poWer information for device 102. Technical 
advantages include that the poWer level can be established 
before device poWer-on, and that the described techniques 
may be implemented by modifying already-existing com 
munication protocols. 

[0025] One advantage of particular embodiments is adapt 
ability to multiport devices. Thus, for eXample, a docking 
station could be coupled to an Ethernet jack. The amount of 
poWer provided by the jack—the poWer normally derived 
from a single poWer supply to ensure that safe electrical loW 
voltage is present—could be adjusted based on the number 
of devices coupled to the docking station, so that the poWer 
could be increased as additional devices (such as PDAs or 
laptops) are coupled to the docking station or decreased as 
devices are removed. In another eXample, a Wireless access 
point could be coupled to a jack, and the poWer could be 
increased or decreased based on the poWer usage of the 
Wireless device, Which may be in?uenced by factors such as 
the number of Wireless devices in communication With the 
access point. 

[0026] Another advantage of particular embodiments is 
compatibility With advanced poWer management tech 
niques. For eXample, poWer delivery system 100 may deter 
mine that the same amount of poWer Would be more effi 
ciently delivered using more pairs 106, and accordingly, 
system 100 may adjust poWer delivery to accommodate this 
increased efficiency. 

[0027] FIG. 2 is a flow chart 200 illustrating one eXample 
of a method of operation for poWer delivery system 100. At 
step 202, poWer delivery system 100 determines a poWer 
level for device 102, Which may be in response to detecting 
that device 102 has been coupled to a netWork. This step 
may include providing poWer at a predetermined level and 
monitoring the response of device 102 to the poWer pro 
vided. Alternatively, poWer delivery system 100 may 
eXchange poWer information With device 102 to determine a 
suitable poWer level. Controller 120 sets the poWer applied 
to ports 118 based on the determination of the poWer 
requirements of device 102 at step 204. 

[0028] PoWer delivery system 100 then monitors the 
poWer usage of device 102 at step 206. If there is no change 
in the poWer usage of device 102, then poWer delivery 
system 100 may continue to provide poWer and monitor 
poWer usage, as shoWn at decision step 208. If there is a 
change in the poWer usage of device 102, poWer delivery 
system 100 determines Whether the device has been poWered 
off or disconnected from the netWork at step 210. If device 
102 has been poWered off, then system 100 returns to a 
search for a poWered device, and the method is at an end. 

[0029] If there has been a change in poWer usage other 
than device 102 being poWered off or disconnected, poWer 
delivery system 100 determines a neW poWer level for 
device 102 at step 202. For eXample, if a device has been 
disconnected from a multiport docking station, poWer deliv 
ery system 100 may reduce the amount of poWer provided 
to device 102. In another eXample, device 102 may sWitch 
into a poWer-save mode, thus using less poWer, and poWer 
delivery system 100 may reduce the poWer delivered to 
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device 102 accordingly. The method then repeats until 
device 102 is poWered doWn or disconnected from the 
netWork. 

[0030] The described method of operation is only one of 
numerous possible methods of operation corresponding to 
various embodiments of poWer delivery system. For 
eXample, particular methods of operation could involve 
setting the poWer level initially Without modifying the poWer 
level in response to changes in poWer usage by device 102. 
In general, the steps of the described method may be 
performed in any suitable order, and particular steps may be 
added, rearranged, or omitted. Furthermore, any method of 
operation consistent With any of the embodiments described 
above may be employed. 

[0031] Although the present invention has been described 
With several embodiments, a myriad of changes, variations, 
alterations, transformations, and modi?cations may be sug 
gested to one skilled in the art, and it is intended that the 
present invention encompass such changes, variations, alter 
ations, transformations, and modi?cations as fall Within the 
scope of the appended claims. 

What is claimed is: 
1. A method for poWer delivery, comprising: 

coupling an Ethernet cable comprising four Wire pairs to 
a poWer delivery system; and 

providing poWer to a poWered device on all of the Wire 
pairs. 

2. The method of claim 1, further comprising: 

determining that the poWered device requires less poWer; 
and 

reducing the number of Wire pairs on Which poWer is 
provided. 

3. The method of claim 1, Wherein: 

the method further comprises determining a poWer 
requirement for the poWered device; and 

providing the poWer on all of the Wire pairs is performed 
in response to determining that the poWer requirement 
for the poWered device exceeds a predetermined 
amount. 

4. The method of claim 3, Wherein the poWer requirement 
is determined based on poWer information received from the 
poWered device. 

5. The method of claim 4, Wherein the poWer information 
is communicated using a netWork discovery protocol. 

6. The method of claim 5, Wherein the netWork discovery 
protocol is Cisco Discovery Protocol (CDP). 

7. The method of claim 4, Wherein the poWer information 
is communicated using a side protocol associated With a 
poWer delivery protocol. 

8. The method of claim 4, Wherein the poWer information 
is communicated using a poWer delivery protocol. 

9. The method of claim 1, further comprising: 

detecting a change in poWer usage for the poWered 
device; and 

adjusting the poWer level provided on the Wire pairs in 
response to detecting a change in the poWer usage for 
the poWered device. 
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10. The method of claim 9, wherein: 

the powered device is a docking station; and 

the change in power usage results from a docked device 
being removed from the docking station. 

11. The method of claim 9, wherein the powered device 
is a network device operable to consume at least a portion of 
power, and further comprising providing, from the powered 
device, a level of power to another powered device coupled 
to the powered device. 

12. The method of claim 1, wherein: 

the powered device is coupled to the Ethernet-grade cable 
using a plurality of power couplers; and 

the power couplers each comprise at least one resistor 
operable to regulate current ?ow through the associated 
power coupler. 

13. A power delivery system, comprising: 

an interface operable to couple to an Ethernet cable 
cornprising four wire pairs; and 

a controller operable to provide power to a powered 
device on all of the wire pairs. 

14. The system of claim 13, wherein the controller is 
further operable to: 

determine that the powered device requires less power; 
and 

reduce the number of wire pairs on which power is 
provided. 

15. The system of claim 13, wherein: 

the controller is further operable to determine a power 
requirement for the powered device; and 

the controller provides the power on all of the wire pairs 
in response to determining that the power requirement 
for the powered device eXceeds a predetermined 
amount. 

16. The system of claim 15, wherein the power require 
rnent is determined based on power information received 
from the powered device. 

17. The system of claim 15, wherein the power informa 
tion is communicated using a network discovery protocol. 

18. The system of claim 17, wherein the network discov 
ery protocol is Cisco discovery protocol (CDP). 
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19. The system of claim 15, wherein the power informa 
tion is communicated using a side protocol associated with 
a power delivery protocol. 

20. The system of claim 15, wherein the power informa 
tion is communicated using a power delivery protocol. 

21. The system of claim 13, wherein the controller is 
further operable to: 

detect a change in power usage for the powered device; 
and 

adjust the power level provided on the wire pairs in 
response to detecting a change in the power usage for 
the powered device. 

22. The system of claim 21, wherein: 

the powered device is a docking station; and 

the change in power usage results from a docked device 
being removed from the docking station. 

23. The system of claim 21, wherein: 

the powered device is a computer; and 

the change in power usage results from the computer 
being removed from the interface. 

24. The system of claim 13, wherein: 

the powered device is coupled to the Ethernet cable using 
a plurality of power couplers; and 

the power couplers each comprise at least one resistor 
operable to regulate current ?ow through the associated 
power coupler. 

25. The system of claim 13, wherein the interface corn 
prises a plurality of ports each coupled to a particular one of 
the wire pairs, and the controller is operable to provide 
power on more than one of the ports. 

26. The system of claim 13, wherein the interface corn 
prises a port coupled to more than one wire pair, and the 
controller is operable to provide power through the port. 

27. A power delivery system, comprising: 

means for coupling an Ethernet cable cornprising four 
wire pairs to a power delivery system; and 

means for providing power to a powered device on all of 
the wire pairs. 


